Capillary electrophoresis (CE) is one of the best highperformance separation techniques. However, since the sample volumes required in CE are extremely small, typically less than 20 nl, sample injection is a delicate problem. Hydrodynamic and electrokinetic introductions are most commonly applied to CE as an injection technique. Both techniques are precise and relatively simple, and permit an automation procedure. They have been implemented in most commercially available CE systems.
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The conditions for sample injection are then microprocessor-controlled, enabling good repeatability. However, such systems are rather expensive.
Consequently, many research groups have focused their attention on the development of non-traditional sample injection devices. [1] [2] [3] [4] They could offer comparable precision for repeatedly performed injections. For instance, Kuban et al. developed the system that combines flow-injection analysis and CE; consecutive injection was performed both electrokinetically 3 and hydrodynamically. 4 When they injected the sample solution hydrodynamically, they stopped the flow of the sample solution at the tip of the capillary inlet by operating a pinch valve. Closing of the flow resulted in a temporary overpressure at the tip of the capillary. Thereby, a small sample fraction was hydrodynamically injected into the capillary. Samples were consecutively injected and detected with ca. 300 s intervals.
In this study, through detail examinations concerning the flow of the sample solution at the tip of the capillary, we found that the sample fraction was hydrodynamically injected into the capillary with good reproducibility, without stopping the flow by operating a valve. The injection technique for consecutive analysis was applied to the CE with the CL detector, which was originally developed by us.
Experimental
All of the reagents used were commercially available and analytical grade. Ion-exchanged water was distilled for use. Luminol and microperoxidase were purchased from Sigma Co. Isoluminol isothiocyanate (ILITC) and N-(4-aminobutyl)-Nethylisoluminol (ABEI) were purchased from Tokyo Chemical Industry Co. and Wako Pure Chemical Industries, Ltd., respectively.
A mixture solution of luminol, ILITC, and ABEI was prepared as a model sample by dissolving them in a 10 mM phosphate buffer solution (pH 10.8). A 10 mM phosphate buffer solution (pH 10.8) containing 4 mM microperoxidase was used as a migration buffer solution. A 30 wt% H2O2 solution was also diluted with a 10 mM phosphate buffer solution (pH 10.8) to 400 mM for use.
A schematic diagram of the CE-CL detection system equipped with the consecutive sample injection devise is shown in Fig. 1 (a). The interface part in the sample-injection device is enlarged in Fig. 1 (b) . The interface part was made by combining two commercial three-way Teflon joints. The capillary and platinum electrode were inserted into the flowpath (ca. 1 mm i.d.) in the interface, as shown in Fig. 1 (b) . Especially, the capillary must be set up with a perpendicular position. Sample and migration buffer solutions were delivered by corresponding syringe pumps at flow rates of 100 and 10 ml/h, respectively. Fifty milliliter syringes that were almost, respectively, filled with sample and migration buffer solutions were set on the syringe pumps. By operating the four-way cock the sample and buffer solutions were fed to the tip of the capillary inlet by turns. A definite amount of sample was hydrodynamically injected into the capillary.
A fused-silica capillary (50 µm i.d. and 50 cm length) was used. A high voltage of 12 kV was applied to the electrodes using a DC power supply (Model HCZE-30PNO. 25, Matsusada Precision Devices Co. Ltd.). A sample fraction, which was injected hydrodynamically into the capillary inlet, was migrated in the migration buffer solution toward the CL detection cell including a H2O2 solution. The CL detection cell was similar to that originally developed by us, and described a previous paper. 5 The detection cell was made of Teflon, which had a 4 cm outer diameter, 2.5 cm height, and ca. 8 ml inner volume. An optical fiber (a core diameter of 2 mm) and a capillary were fixed to the cell; the cap of the detection cell had a pin hole. The fiber was set up straight to the capillary with a distance of ca. 0.3 mm between them. When the sample emerged from the capillary, it reacted with the reagent at the capillary outlet to induce CL. Visible light was detected by a photomultiplier tube equipped in a CL detector (Model EN-21, Kimoto Electric, Inc.).
Results and Discussion
Sample introduction into the capillary was hydrodynamically made by the pressure caused with the flow of the sample solution in the flow-path in the interface part. The sample fraction volume depended on the flow rate. The effect of the flow rate (10, 100, and 200 ml/h) on the CL peak of luminol was examined at the same injection time of 10 s. As shown in Fig. 2 , the lower was the flow rate, the larger was the volume of sample fraction (the higher CL peak). However, a flow rate of 10 ml/h showed poor reproducibility in the peak height. A flow rate of 100 ml/h was recommended for this study. The relative standard deviation (n = 10) of 3.0 × 10 -7 M luminol was 2.7%. The sample amount introduced under the present conditions was estimated to be ca. 7 nL, referring to the CL peak heights obtained by the gravity method for sample injection. During the experiment, the capillary must be set up with the perpendicular position in the interface to achieve precise and reproducible sample injection. The cock was manually operated, which will be improved to an automatic system in the future. Figure 3 shows an electropherogram for a consecutive injection analysis in the present CE-CL detection system. The injection of a mixture sample solution was made by operating the four-way cock as follows: the sample solution was delivered by a pump (P 1) for 10 s; next, the migration buffer solution was fed by the pump (P 2) for 10 s; subsequently, electrophoresis was performed by applying a high voltage for 210 s. This was one cycle. In Fig. 3 , the cycle is repeated 3 times. Each component of the mixture solution (ABEI, ILITC, and luminol) was separated and detected in this order. They were repeatedly observed with good reproducibility, as shown in Fig. 3 detection system equipped with the new sample injection device featured easy and rapid operation, inexpensive apparatus, high sensitivity, as well as consecutive analysis. Also, the present sample injection device must be, in principle, applicable to other conventional CE systems.
